Thus, predator-prey interactions involving cormorants and fish may be simpler than predator-prey interactions between fish species. But the degree to which an increase in cormorants affects the existing predator-prey interactions still depend on the magnitude of added predation relative to existing prey population sizes, on the potential compensatory responses of the prey populations to increased mortality, and on the prey life stage used by cormorants (Yodzis 2001) . The existence of a 40-yr database on the fish populations, particularly walleye, Stizostedion vitreum, and yellow perch, Perca flavescens, in Oneida Lake, New York, USA (Forney 1980 They showed that cormorant predation was comparable to angler harvest of adult yellow perch, each group removing about 13% of the spring population during the following angling season (1 April 1997 to 31 March 1998). Angler harvest was the dominant source of mortality of age-4 and older walleye. But cormorants were a larger source of mortality of subadults of both species (defined here as age-1 and age-2 yellow perch and walleye ages 1-3) than were anglers. If 1997 was a typical year, cormorant predation on subadult fish was projected to significantly decrease future angler harvest of both walleye and yellow perch (VanDeValk et al. 2002) .
The increase in cormorants is a natural perturbation and, as such, an opportunity for learning (Carpenter 1990 ). Careful examination of natural perturbations often yields important insights into food web dynamics and predator-prey interactions (e.g., Kohler and Ney 1981 , McQueen et al. 1989 , Rudstam et al. 1993 ). However, a natural perturbation is generally not replicated, and conclusions about cause and effect must rely on the interpretation of the scientist and available auxiliary information. In this paper we will first analyze age-specific abundance data to show that there has been an increase in mortality of subadult yellow perch and walleye. We then use a simple population model to show that this increase is large enough to be a major contributor to the decline of the two percids during the 1990s. Finally, we investigate the likelihood that cormorant predation was the cause for this increased mortality of subadults by comparing cormorant consumption of subadults with the number of fish expected to recruit to the population. We show that the difference between the predicted recruitment (based on a relationship between catches of age-i fish and subsequent observed recruitment to the adult age for years prior to 1989 when cormorants were absent or scarce) and the observed recruitment was roughly comparable to the number of subadults consumed by cormorants in the 1990s. The size of subadult percids is within the range typically selected by cormorants (Burnett et al. 2002 , VanDeValk et al. 2002 .
Other changes in Oneida Lake did occur during the same time period and could also have affected the two percid populations. Zebra mussels (Dreissena polymorpha) invaded the lake in 1991 and, together with a decline in nutrient loading, are the likely cause for observed declines in chlorophyll levels and increased transparency (Idrisi et al. 2001 ). Also, gizzard shad (Dorosoma cepedianum) declined in 1992 after more than a decade of producing large age-0 cohorts (Hall and Rudstam 1999) . Therefore, we also address the likelihood of these alternative explanations for the decrease in the two percid populations.
METHODS

Percid abundance
Adults.-Numbers of adult walleye (age > 4 yr) and yellow perch (age > 3 yr) were estimated by markrecapture in the 1960s, 1970s, and again in 1988, 1990, 1995, 1997, 1999, and 2001 . Fish were fin clipped in April during spawning runs at Scriba Creek and Shackelton Point and recaptured by electrofishing, gill netting, and trawling during the summer and fall. Fish were aged from scales and populations estimated by age classes using a modified Petersen estimate (Ricker 1975 ). More details on the method are available in Forney (1967 Forney ( , 1980 . For years immediately following or preceding a mark-recapture year, we estimated abundance from the surrounding mark-recapture estimates and observed adult mortality rates. For other years, the catch of walleye in trap nets set by the Constantia Fish Hatchery and the annual catch of yellow perch in 15 gill net sets (Fig. 1, corrected . Therefore we reconstructed the walleye population between the 1990 and 1995 mark-recapture estimates as follows. For 1991, we used a mark-recapture study based on fish marked during an almost complete electrofishing circuit of the lake in the fall of 1990 and recaptured at the hatchery in the spring of 1991. Similar fall estimates were conducted previously to verify the accuracy of spring marking effort (Forney 1967 (Forney , 1980 . Paired estimates in three years indicated that fall estimates could be substituted for estimates of population size the following spring with little loss of accuracy (Forney 1980 ). The fall estimate of age-3 and older walleye served as the estimate of age-4 and older walleye in the spring of 1991 (assuming no overwinter mortality). These fish would be age 8 and older in 1995. For the years 1992 to 1994, we calculated a mean annual mortality rate between the estimate for age-4 and older fish from 1991 and age-8 and older fish in 1995 and applied this mortality rate to calculate abundance of these age classes in 1992, 1993, and 1994. Finally, the total adult population in 1992-1994 was estimated from the proportion of each age class obtained from the age distribution of 1000 fish aged each year using scales collected during the spring.
Yearlings.-Numbers of age-i walleye and age-i yellow perch present in the summer were estimated from the catch and area swept by a 5.5 m bottom trawl. Ten fixed sites (Fig. 1) were sampled weekly from midJuly to mid-October (140 hauls per year). Each haul swept an area of 0.1 ha (Forney 1977) . Lengths of age-1 and older fish were recorded and scales taken for age determination. The mean number of age-i fish caught in 140 trawl hauls is the index of age-i fish abundance for each year.
We chose the year 1990 to separate pre-cormorant and cormorant years. Although this is somewhat subjective, the number of cormorant nests on Oneida Lake exceeded 50 in all years after 1990, and the number of migrants on the lake in the fall was likely increasing as the large colony in Lake Ontario exceeded 6000 nests by 1990 (Weseloh et al. 1995 (Weseloh et al. , 2002 We derived a relationship between the age-i index and subsequent recruitment to the adult population (age 4 for walleye and age 3 for yellow perch) using regressions. Both the age-i index and the abundance of age-3 or age-4 adults were log-transformed to reduce heteroscedasticity. Changes in the relationship between the age-i index and subsequent recruitment in pre-cormorant years (before 1989 year class) compared to cormorant years (1989 and later years classes) were analyzed using analysis of covariance with the logarithm of the age-1 index as a covariate after testing for homogeneity of slope between the two time periods. All statistical analyses were conducted with Systat version 5.0 (Wilkinson 1990) .
Population model.-The effect of increased mortality of subadults was investigated for both species using a simple population model. With this model, we predicted the hypothetical populations of adult walleye and yellow perch during the 1990s for three scenarios: (1) the number of adults recruiting each year was equal to the mean recruitment observed through the 1990s; (2) the number of adults recruiting was as predicted from the age-i index observed in the 1990s and the relationship between the age-i index and subsequent recruitment present in the earlier decades; and (3) the number of adults recruiting was the same as the mean observed in the earlier decades. Adult mortality was set to the mean annual mortality rate observed between the 1995, 1997, 1999, and 2001 mark-recapture measurements. The differences between population development for these three scenarios indicate the importance of decreased age-1 index and increased subadult mortality for the development of the adult percid populations in the lake. Calculations were initiated with the 1992 population for walleye (the 1989 year class would be age 4 yr and recruit to the adult population in 1993) and with the 1991 population for yellow perch (the 1989 year class would be age 3 yr and recruit to the adult perch population in 1992). There are no density-dependent or compensatory effects included in this simple model.
Cormorant consumption
Abundance. -Consumption by cormorants was estimated from cormorant abundance and diet. Cormorants on the two nesting islands (Wantry and Long Islands, Fig. 1 ) were counted several times per week from April through October in 1995-2000. These islands are also the main roosting areas for migrating birds. Most counts were conducted at dusk, when cormorants were at roost, or at dawn before cormorants left the colony, and on each occasion, the colony was counted three times and the counts averaged.
During the nesting season, the number of breeding adults was estimated by doubling the maximum number of nests active simultaneously (peak nesting). Nonbreeding adults and immature cormorants were rarely seen on Oneida Lake during the nesting season, so no additions were made to account for non-nesting birds. The number of fledged chicks was estimated from the number of larger chicks present in the latter part of the nesting season. From June onward, fledglings joined the population of cormorants counted on the islands. Because all nesting occurred on two readily accessible islands, counts of adults, nests, and young were easily conducted and approximated a census.
Diet.-Cormorant diet was determined in 1995-2000 through examination of regurgitant (all years except 1997), stomach analysis (1995) (1996) , and cast pellets (1997). Proportion of different fish species in the diet obtained by the three methods was similar given the species mix in Oneida Lake. C. M. Adams (unpublished data) calculated that 64% (regurgitants), 41% (stomach analysis), and 56% (pellets) of the diet by number were walleye and yellow perch in 1995-1996. Regurgitant was collected on the nesting islands approximately at weekly intervals. Fish were identified to species, aged using scales, and, when possible, measured. Age was also estimated from known lengths at age in the lake population for a given year and season. Total length (L) of partially digested fish was estimated using a relationship between the height of the caudal peduncle (p) and fish length determined from gill netted fish in Oneida Lake ( . If the fish were too digested to allow a length determination, they were assigned the mean length of that species in the diets or in the lake (if no measurable fish of that species were found in the diet). Fish masses were determined using length-mass regressions from Oneida Lake.
Pellets were dissected and fish species identified based on otoliths and other characteristic bones (Craven We calculated consumption by chicks for an 8-wk period each year after which these birds were recruited to the adult population (Mendall 1936 ) and considered to feed at the adult rate. By only accounting for the number of fledged chicks, we underestimate the consumption of cormorants slightly because consumption by chicks that died after hatching is not included. Total consumption (in grams) by cormorants was estimated weekly by multiplying the mean number of adults and chicks present that week, the estimated daily consumption rates, and the time period (7 d).
The number of different age groups of yellow perch and walleye consumed by cormorants was calculated from the proportion of the diet (by mass) represented by each age group and the estimated total mass of fish consumed. The number of fish consumed was obtained by dividing consumed mass of an age group with the mean mass of an individual of that age group. Diet data for a complete season was available from 1996 (stomach analysis for birds collected in spring and fall and regurgitants in the summer) and 1997 (pellets; VanDeValk et al. 2002) . For , 1998 , and 2000, we assumed that June diets were representative of spring diets. We assumed diets for the fall of 1998, 1999, and 2000 were represented by late-summer regurgitant samples. Few birds were present in the fall of those years due to a harassment program designed to move migrant birds off the lake (R. B. Chipman, personal communication). Unidentified fish were apportioned to species according to the proportions of identified prey species.
Comparison of cormorant consumption and fish mortality.-To compare walleye and yellow perch mortality rates with the number removed by cormorants, we calculated cormorant consumption of subadult percids from the time of the age-i trawl index (considered to be 1 September, the middle of the July-October trawling season) to the time these fish recruit to the adult population (April of the year yellow perch are age 3 and walleye age 4). For each year class, we summed the number of age-i fish consumed by cormorants in the fall, the number of age-2 fish consumed the following year, and for walleye also the number of age-3 fish consumed the next year. For example, for walleye hatched in 1995 (1995 year class), we added our estimates of the number of age-i fish removed by cormorants in the fall of 1996, the number of age-2 fish removed in 1997, and the number of age-3 fish removed in 1998. This number was then compared to the predicted number of fish to reach adult age (from the age-1 index; see Percid abundance: Yearlings) and to the observed number of adults recruited to the population.
RESULTS
Fish populations
Adult percid abundance and mortality.-Abundance of adult walleye and yellow perch declined through the 1990s (Fig. 2) . Mark-recapture estimates in 1995, 1997, 1999, and 2001 averaged 267 000 (range 216 000-317000) for age-4 and older walleye and 794 000 (656 000-947 000) for age-3 and older yellow perch (Fig. 2) . The means were 40% (walleye) and 29% (yellow perch) of the long-term (1957-1990) means (walleye, 667 000, range 187 000-1 038 000; yellow perch, 2619000, range 1 160 000-6 523 000). These differences were highly significant for both species (twotailed t test, P < 0.001). The 95% confidence limits for the estimates from 1995 to 2001 were from -17% to +34% of the mean for walleye and from -32% to +76% of the mean for yellow perch. age-3 (yellow perch, Fig. 4) . We used a logarithmic transformation of both variables to decrease heteroscedasticity and effects of outliers. The residuals from these regressions showed no increase in variance with increased values of the independent variable (Fig. 4) where W4 is number of age-4 walleye in the lake (in thousands) at year t + 3, P3 is the number of age-3 perch in the lake (in thousands) at year t + 2, and W, and P, are the catch per trawl of age-i walleye and perch in year t, respectively. To test for effects of cormorants on this relationship, we categorized all year classes hatched since 1989 as cormorant years and used the logarithm of the age-1 index as a covariate. There was no significant difference in the slope of the regression in cormorant and noncormorant years (test of homogeneity of variance using the interaction term between cormorant years and the age-i index, P = 0.60 for walleye and P = 0.82 for yellow perch). The resulting ANCOVA showed highly significant effects of both the age-i index as a covariate and the cormorant years as a category for both species (Table 1) . During the cormorant years, observed recruitment was 42 + 10% (N = 9, range 8-104%) of predicted recruitment (using Eq. 1) for walleye and 49% ? 5.2% (N = 10, range 25-70%) of predicted recruitment (using Eq. 2) for yellow perch. 
Population model
We used a simple population model to compare effects on the adult population from an increased subadult mortality and from the observed decrease in the age-1 index for both percids. Results followed expectations Notes: Both the age-1 indices and adult recruitment were natural log transformed prior to analysis. Year class is divided into two categories: (1) year classes hatched in 1988 and earlier (pre-cormorants) and (2) year classes hatched in 1989 and later (cormorants). (Fig. 5) . If we assume that annual recruitment is the same as the mean observed in the 1990s, the model population of both walleye and yellow perch followed the development of the populations observed in the lake. By year 2010, the population of walleye would decline further to around 150000 fish and the perch population would stabilize around 900 000 under these assumptions. If recruitment instead was assumed to be the mean observed from the 1964-1988 year classes (pre-cormorant years), the model walleye population would remain around 650 000 fish and the yellow perch populations would increase to over 2 X 106, each close to the long-term mean (Fig. 5) . This is expected because this level of recruitment produced the observed long-term mean, and adult mortality in the 1990s was similar to earlier years. More interesting are the population projections obtained by substituting observed age-1 indices for the 1990s into the age-l-adult recruitment model for years prior to 1989 (Eqs. 1 and 2). In this scenario, the walleye population would decline but stabilize at approximately 400 000 fish, reflecting both the lower age-i indices and the higher subadult mortality observed in the 1990s. This is a 2.6 times higher population than expected with the current mean observed recruitment. The perch population 
FIG. 5. Development of the (A) walleye and (B) yellow perch populations as observed in Oneida Lake (symbols) and as predicted under three scenarios: (1) annual recruitment to the adult population is the mean observed in the 1960s to 1980s (light dashed line), (2) annual recruitment to the adult population is the mean predicted in the 1990s (heavy dashed line), and (3) annual recruitment to the adult population is the mean observed in the 1990s (heavy solid line).
would stabilize at approximately 1.6 x 106 fish or about 1.8 times the population expected given mean observed recruitment. Clearly, the increased mortality of subadults is expected to affect the adult populations of both species.
Cormorant consumption
The number of nesting and migrant cormorants utilizing the lake increased through the 1990s (Fig. 2,  Table 2 ). Cormorants typically arrived soon after ice breakup and remained on the lake until mid-October. Migrants, presumably from the larger colonies on Lake Ontario, typically arrived around the first week in August and augmented the resident population. Mean numbers in the fall increased from 1210 birds in 1995 to 1993 birds in 1997 (Table 2) , which mirrored the increase in the Great Lakes population through the 1990s (Weseloh et al. 2002) . Beginning in 1998, a hazing program starting after Labor Day (around 1 September) reduced the mean number of birds in September to below 150 (Table 2; Coleman and Richmond  2000) . Also beginning in 1998, the number of successful nests (those to fledge chicks) was limited to around 100. Chicks were observed in nests from midMay to the end of August and even into September but most nestlings had fledged by August, increasing the resident "adult" population at that time (Table 2) .
Total consumption of fish by cormorants increased from 44 000 kg in 1995 to 73 000 kg in 1996 and 78 000 kg in 1997 (3.8 kg/ha, Table 3 ). Efforts to limit nesting success and force birds from the lake decreased total annual consumption from the 1996-1997 levels to 47 000-57 000 kg in 1998-2000 (Table 3) .
Yellow perch was the dominant prey item of the cormorant (both by mass and by number) in all seasons. Walleye was also common (Table 3) . Together, these two percids represented 57-77% of the cormorant diet by mass and 40-81% by number (Table 3) Consumption of walleye and yellow perch was divided into different age groups according to their proportion in the diet (Table 3) . To compare consumption with predicted recruitment, we added consumption of age-1 fish from 1 September to the end of the year, consumption of age-2 fish for the entire following year, and for walleye also consumption of age-3 fish for the entire next year. This represents total cormorant consumption of a particular fish year class from the time of the age-i index (discussed above, Fish populations: Age-] percid index) to the time we estimate recruitment to age 3 or 4 yr (April-May). Note that only the proportion of age-1 fish consumed by cormorants after 1 September is included in this analysis, not all age-1 fish recorded in Table 3 .
If cormorants are the cause for the increase in subadult mortality, we expect that the sum of subadult fish consumed by cormorants and the number of fish later observed to recruit to be similar to the number of fish predicted to recruit from the age-i index. The predicted recruitment is within 20% of the sum of observed recruitment and fish consumed by cormorants as subadults for one of the three walleye year classes and three of the five yellow perch year classes for which we have estimates of consumption of all subadult age classes (1994-1997 for walleye and 1994-1998 for yellow perch, Fig. 6 ). For the remaining year classes, three show higher predictions and two show lower predictions than the sum of observed and consumed fish. For walleye, cormorant consumption of subadults of the 1993-1998 year class ranged from 23 000 to 40000. These numbers represent 21-60% of the number of adults expected to be recruited (Fig. 6) . Cormorant consumption of subadult yellow perch from the 1994-1998 year class ranged from 77 000 to 624 000 fish, representing 9-121% of the fish expected to recruit to the adult population. Given the relatively high uncertainties in both fish abundance and cormorant consumption, we consider these results consistent with the hypothesis that cormorants are the cause of the increase in subadult mortality. For the predicted recruitment, the 95% con- Notes: Fish abundance in the spring of each year is from mark-recapture estimates (Fig. 2 ). Abundance and cormorant predation are expressed in thousands of fish in the lake. Mortality rate is the number of adult fish consumed by cormorants during the year as a percentage of the number available in the spring. fidence levels (calculated as ?2 SE for the mean predictions for year classes 1989 and later) were -11% to + 13% of the mean for walleye and -24% to +32% of the mean for yellow perch. Uncertainty in observed recruitment is similar to the confidence limits from the mark-recapture estimates (-16% to +35% for walleye, -32% to +77% for yellow perch). Uncertainty in cormorant consumption of walleye and yellow perch is the combined uncertainties in the cormorant numbers, in the amount consumed per bird per day, in the proportion of the diet consisting of different percid age groups, and in the mass of the fish. The largest source of error is likely in the proportion of the diet consisting of different age classes. Though we collected a relatively large amount of diet data, some of the age groups were only present in small numbers (Table 3) .
We also compared our estimates of adult fish consumption by cormorants with the population estimate from the spring of year 1995 to 2000. For walleye, adult mortality rates caused by cormorants were low (1.1 ? 0.5%/yr, Table 4 ). Mortality rates of adult yellow perch caused by cormorants were higher (7.7 ?+ 1.6%/ yr, Table 4 ).
DIscusSION
Although the concomitant increase in cormorant abundance and decrease in adult abundance of the two percids during the 1990s are undisputable (Fig. 2) , conclusions regarding a causal relationship must be based on a consideration of possible alternative explanations and the likelihood of hypothesized mechanisms given available auxiliary information. Several system-wide changes that can affect fish populations, in addition to the increase in cormorants, have occurred in Oneida Lake during the 1990s. These changes include the introduction of zebra mussels and the associated increase in water clarity, continuing decline in nutrient loading rates and the associated decrease in total phosphorus concentrations, and a decrease in gizzard shad, an alternate prey for walleye ( ). We will organize the discussion as follows. First, we will examine the evidence suggesting that the increase in subadult mortality is the cause for the decline in adult percids in Oneida Lake. Second, we will examine the evidence suggesting that predation by cormorants, rather than other ecosystem changes, is the most likely cause for this increased mortality. Finally, we put the Oneida Lake results into perspective with other published analyses of cormorant-fish interactions.
Our observation of increased mortality of subadults assumes constant catchability of age-1 fish in our trawls. Increased water clarity associated with the proliferation of zebra mussels since 1992 may have reduced the vulnerability of fish to capture in trawls, but this would decrease catchability, not increase it (Nielsen 1983, Buijse et al. 1992) . If catchability has decreased, our index would underestimate the number of age-1 fish present in the 1990s and therefore underestimate the number of fish predicted to recruit to the adult population. If the number of age-1 fish is higher than we observe, the difference between predicted and observed numbers of adult percids in the 1990s would be even greater than reported in this paper. Thus, the likely direction of a change in catchability would strengthen our conclusion of increased mortality of subadult fish, not weaken it.
Our analysis suggests that the observed increase in subadult mortality was a major cause for the observed decline of the adult percid populations in the 1990s. In the past, the age-i index has been a good predictor of the number of adults observed several years later in Oneida Lake (Forney 1980; Fig. 4) . By age 1 yr, various compensatory and depensatory processes affecting early survival had occurred and little additional mortality was expected until fish reach the size sought by anglers (Forney 1980 , Nielsen 1980 ). For yellow perch, the number of age-i fish present in the 1990s was similar to earlier decades. Thus, we expected an adult population similar to past decades. But because the observed adult mortality between 1995 and 2001 was higher and because the age-i index was slightly smaller than in the past, our calculated yellow perch population would stabilize at 1.6 x 106, lower than the long-term mean of 2.6 x 106, but 1.8 times higher than expected with the observed recruitment to age-3 fish. Clearly, the increase in subadult mortality is important, but an increase in adult mortality may also contribute to the decline in yellow perch. Interestingly, the difference between current and past mortality rates (10 percentage units) is similar to the adult perch mortality attributed to cormorants (7.7%). For walleye, abundance of age-1 fish in the 1990s was only 50% of the historical values (although this difference was not statistically significant). Our model analysis indicates that if the lower number of age-i walleye in the 1990s continues into the future, the population of adult walleye would decline even without increased subadult mortality. Even so, this population would be 2.6 times higher than the predicted population with current subadult mortality rates. For walleye, both increased subadult mortality and decreased age-i abundance, presumably from increased mortality of age-0 walleye, are likely contributing to the decline of the adult population in the 1990s. Adult walleye mortality has not increased in the 1990s.
The increase in cormorants is the most likely ecosystem change to have caused the increased mortality of subadults in Oneida Lake. These size groups are selected by cormorants (Adams et al. 1999 , Burnett et al. 2002 , VanDeValk et al. 2002 , and the number of subadult fish from a year class consumed by cormorants is similar to the number of fish predicted to recruit but never observed to reach adult age. In addition, our estimates of total cormorant consumption may be conservative. We used 20% of the mean adult cormorant body mass to calculate total mass of fish consumed. This rate is at the low end of those appearing in the literature (Dunn [1975] reported consumption rates of 20-30%). Also, consumption by cormorant chicks that did not fledge was not included in the calculations. An overestimation of cormorant consumption in Oneida Lake due to the birds foraging elsewhere is unlikely. The only other water body within the reported 20-km foraging distance from a colony (Custer and Bunck 1992, Neuman et al. 1997 ) is Onondaga Lake, which is much smaller (12.0 km2) and dominated by nonpercid species (Ringler et al. 1996) . Because the species composition in cormorant diets mirrored the fish community of Oneida Lake and not that of Onondaga Lake, it is unlikely that many cormorants were foraging in Onondaga Lake. Also, Coleman (2003), using telemetry, found no evidence of Oneida Lake birds foraging in nearby lakes until after the hazing program started in the fall.
We know of no other potential source for increased mortality of subadult percids. Anglers do harvest some age-2 perch, although the number was an order of magnitude lower (33 000) than the numbers taken by cormorants in 1997, the year for which we have angler harvest data (VanDeValk et al. 2002) . The number of adult walleye has declined. In addition, adult walleye rarely consume fish older than 1 yr, and the age-i fish consumed by walleye are mainly taken in the spring and summer prior to our age-1 index (Forney 1980 Other alternative hypotheses for the decline in the two percids are not consistent with observations on other components of the lake ecosystem. Lake productivity has declined since the 1970s, and zebra mussels colonized the lake in 1991. High abundance of zebra mussels since 1992 is associated with increased water clarity and decreased chlorophyll levels (Idrisi et al. 2001 ). Both total phosphorus and summer chlorophyll a concentrations are positively correlated with fish yield when comparing across lakes (Oglesby 1977, Hanson and Leggett 1982) . This would suggest that the lake might not be able to support as high percid biomass as in previous decades. But an effect of lower nutrient loading and zebra mussels on fish should be manifested through lower abundance and productivity of zooplankton and benthic invertebrates, as well as through lower growth rates of walleye and yellow perch. We have not detected a decline in zooplankton, benthic invertebrates, or walleye and yellow perch growth rates (Rutherford (Neuman et al. 1997 ). In Oneida Lake, the most abundant species are also important sportfish, and these fish form a large proportion of the cormorant diets. Fourth, if a large proportion of cormorant diets are fish that also are prey for piscivorous fish, it is unlikely that bird predation is important compared to the more abundant fish predators (although bird predation may not be negligible; Madenjian and Gabrey [1995] ). For example, cormorants in Oneida Lake also feed on age-0 percids in the fall, but numbers of these fish consumed is small compared to consumption by adult walleye and other fish predators. Stomach analysis of adult walleye showed that these fish consumed 61% of the 900 x 106 YOY perch present as 18-mm larvae during their first year of life in 1996 (VanDeValk and Rudstam 1997). Cormorant consumption of age-0 yellow perch in 1996 was only 1.5 x 106 (Table 3) . It is only when we can compare cormorant predation with fish mortality that the effects of cormorant predation can be related to fish population dynamics, which, in turn, is necessary to predict effects of management options. Unfortunately, we will only be able to get such information in a few areas due to the high data requirement for observing effects on fish. The type of data analyzed in this paper is probably only available for a limited number of lakes worldwide. 
